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Harmonic Analysis on p-adic homogeneous spaces based on spherical functions
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In this period, we have studied the spherical functions on the space of
unitary hermitain forms with even residual characteristic and on the space of quaternion hermitian
forms with odd residual characteristic, as interesting $p$-adic homogeneous spaces from the
perspective of Number Theory. For both cases, we have constructed the typical spherical functions
from relative invariants, and given those functional equations with respect to the Weyl groups, then

obtained the explicit formulas by using our previous result on general expression formulas of
spherical functions. In the main terms of the spherical functions there appear a series of
Weyl-invariant polynomials and play an important role for the harmonic analysis on the spaces
through the spherical transform.
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Hecke BRD/EFICBI U CIRIREEAG B & 72 2 FE 22 LB %, BREIEE L8 Thidk, FEZEH Lo
MR 25T 2 ECEARWNRTH 5. FEBUKF 72 ITERBUE EOFREROEERIE, Harish Chandra
AERAL Y —BE, reductive YV —RBEIZDWTHERR L, KEFMESIZX D, WZEEICHEEE N, —H, p
HERBAE O BRI OB R 1%, F. I Mautner, EMEK, il —HBEFIC LD, 1960 FRUABEERE S 17z
([12], [15], [14]). E 512 p EAEEE L OFE 22 O BRBEIEUZBIL R WSO R T, FEOMFEM & Iz 2 D%EH
RIS ARARPER L 5. T o, BT TIVDOERR S b Shalika B, 5\ iZ Whittaker
-Shintani B e U Tz NTE T, REERADOEG O KB & BELEREE D, FHTHEC/EHL
TWVWAZERPHEBAR EEZRINT VWS & &, R, KBENRAIE Rankin-Selberg FEX° Eisenstein
BORFHATELUTHEHNE ZERFMoNTWS.

IC, p#ERREK AR U RN 2, FHEEM ECREAL DI, WERERES L CEEmESE £
FESUIAZ & B RMRIEADZEDEE ETIXRWEREITHE L VWoTRNA D ([8]). £HZH, HKEEDH
RARERDZ Z L3t o b REARNLMED —2>TH B, p EREBEDOELEIZIE I G. Macdonald &,
W. Casselman 1Z & 2 REGRITEE L THRIRL TW5 ([10], [1]). BREEEMOBRBEBIZ OWTIE, W5
FHEHIZ L 2HFEEMOREKD (BIHER LB EOBKBEBICFEE D ) RRA® Sakellaridis O —f%imHsE
N TW5 (2], [3],[13]).

E7z, WL O DEMTIFIRBEBMOHRNZRARERPH SN TWT, AL, ZRERNTHENT, AT
VI—=MERX, AR =2) -2V I — MERX (BIRKEBDPFHDGE) OZERIZOWTIE, —ikot
THMARNTIIZEA L L TV ([8], [2], [6], [7]). BIREEHPEBOLEDOAFIKI=X) —T)V I —
FERIZDOWTIEHEZMEINTVT, STV I— MERPHIERIC OV TG RIZE EE -
Tz,

2. WFEOHW®

AT CRL U 2 BER D RPUSEED &, AW TIE, BARIIZBGRIC & BIR R WEHER 2% 5 2 & 2 Hig
U, RZIRD &5 eidiz HgE Uz,

CFIRIIEB BB DGEHEO TR =) —2 )V I — MEROZER X _EOEREIRE RN
IZHZ, ZHUZEDWT X EORMBINI 2 3 5. BT 1 X (2n) O5GEE C, B, w1
X (2n+1) DEEIE BO, BlONIZEME 5. £/, FHEE L MR DG E ORERZHEH
IZEeHs.
- division quaternion D ED TV I — MERDZEM X, (n 1&H 1 X) 1I220WT, EREBOHRAZ K
b, TIHEDIL X, OFMBITINER2ED 5. EFHLTVWAEIE GL, (D) DT, B LOBKE
BT HHEAIZFI SN TWA, 72, ZOHEOREKIL, REORFTEE L EELBEFREZREDIXT T
HBHDT, TOH/ET 5.
- BRI OWHRRITEHN S 7 1 VBT 5 Rk R B R L IHAR DHFSE.
T LTIV — MEX, WO ZEEANDIEE.
3. WD Ak
WFFERBE NN Lo TSR D . FTOBIZ, ke LT, BT MLV oM S DOME
MRHET, HEETEE OB LK E DRI > T\WD,. £7-, BRESEGHIZ DWW T, Hall-Macdonald
SFRZ IEH A % BT & 9”5 macdonald ERZIEHACRIZEA U TIE, HHEEAZEE O/NRIEK & OILFEAE E L
Tiio7z. RMHKZIZEWTIE, EBAKEZFLELUTPVEIF—2HEEHMEL, &% OM%
1B L DHEGRDGZ T 2. £, BGaBIRO EMEE O FEES ( [HEREOEE D] WINJ9 -
WINJ12) ZEEREL, MEELRITLTWS. HFRFUMEE2EZHL 29 5 L FAKIC, BEnfko/A
WHBOMZEENZ DT =< %KD 5B LTWa. B4 1 A FHEK IR 22 1 TR
NA R REROMEE R, FIZEID N5 HE Autumn Work Shop 1IZ HFEMBMNIZSINL, AFFEFERP
WBNADP S DSNNEZEDTDE K OWFFEE & DIIFERE DS & UTIHHLU 7.

4. FFZERR

(1) FIRBIEEPMEE OB E D ARG L= —T )b I — MERDEMOFER 2 FEIEBOLA L M ILE &
T, HRDBOMEMIRKRD D Z &% EFTHIZEL -,

pEER k DRDE2WIER K 220, ZAIZOWTIILVI — MERPI=X ) MEEZXS. j,, TR
1A 72 5 SR KT L E L, GLy(K) WT jn 2EETEI=ZVEE Gy 25X 5. 351
FOHRTITIVI — Mooz ED TZEM X(m) KT 5. G(m) Em=2nD2EC, B, m=2n+1D
Y& BC, MOREL 720, Weyl BEIZIEIZ W =W, 2< S, > x{£1}" TH 5. FHDOF A X m TDLD
SO m=2wm EFLEm=2n+12R5nVBEERRITA-RERLDT, DB G, X, DLIIZERT.
HEOEE Sz LTWBEH, Fik m OEEIcLo>T Glven) xleven) gledd xedd ¢ x 5 1z RAlEhT



W5, IRk OFIREEEDFROGEITITBICHHELT, [6], (7] L LTEeHTHD. SEITEREK
BRPMBB DG EEER LT, kB2 2 ONBIEHR e = v,(2) £ 95, BIREELEDEH L L e >0
DG LS.

ZERID AN R YRR K\X, (K, = Go(Op)) DB, e =0 D& E1E BEG, DALE VDR DRE,
FTRTHMAI, TREINTVWED, e>0 DL SFIENMAMOITLEBEL RS, WTIZ L THARIK
Ap={XEZ"| M >Xa>+->—e} DILANITHIRT S z\ € X, POEND. ZD x) DML m DA
W&o TEDD. £z, TOREKROBHPERZ AL RV LI, BRBIB w(r;s) OHRAZLITRKDT
ZTORRELUTHNPSE. UFRTIE, m»MEHEZE e=12IKETS. X, EOHBIARIREE w(x;s) 1
X, FOMNARZEAD S Poisson A THELHN, s € C* EFTWMMBERLINT ¢*1,...,¢° OFHEEKE &
52 nhroTW5. HU, ¢ BHEMRE E ORREKMNETHD. s; D—IREMTHEHLWER 2 € C"
(m DBHFIZL-TEDRELDE) ZEALTEE, w(r;z) &RTILIZT 5. BHENZ

w(x; 2) - Gu(z) € (C[qizl, el qiz"]W(:: Rn) e (x1)
MDD EDIZ, DED, NFE I & TEMDPD W AL Laurent ZIHAIZRD X572 G, (2) 2525
BcRonsd., ZITG,(2) & ¢ ZH5OFMEBMT m OMEE LU e [ZKFET 5.
REBOBEHEAN LI WETHSNZDT, PENTHFEE P L TV 2RR A% K 2 % ([3]) ##H
TBEZENHEKSL., EDOREM oy, A€ A, ITRHUT, m PWEEEAZIE e > 1 DIREDFT, HRNITIR
DEIITHEZLNS

1
w(Ta;2) =cp-Cy - qe(Z1+.4.+zﬂ,) e B 'Q/\He)(Z? {ty, e (x2)

AU, ¢, B n7Zd, ey BN EFIZEDERT, Quz;{t}) & C, BLD Hall-Littlewood ZIHAD IV — hIZ
s s 25k {t} T, m OWBEICEVERD. ZD Q, DN p Ik WV RRD[EELDZDT 2y 125
NEIGLD K,-PEDNREKTH LI L nn 5.

(¥1), (x2) Z2H#ATHREBE U(r;:2) = w(T(_ei2) ' wlr;2) € Ry CIEFULL, ThZEBBEKE LT,
Schwartz ZZf#] S(K,\X,) EDORT7 -V &Mz d. K7 — Y T2H3 Hecke BR H(Gp, K,,) DIE
HEF#ILDT, H(G,, K,)-IEEE UTORE S(K,\X,) ¥ R, 2525. H(Gp, K,,) 3ERLHT
Ron = ClgF?, ..., ¢ W ICRBUZE S Z Do T0EDT, S(K\X,) B H(Gn, K,)-MEEE
UTHH»DREE 2" 12725, E 512 Plancherel AKX 2 HAMICEZX 526 TE, TXTORBEBUL
U(x:z) 2% LT parametrize 5 EMWTE, IGEA 2" LRBZLEHEDMN"5.

PEORSEIE (4] & LT E L THRELE. RIS — k0% H, OBEICE, GL,(K) BERICHE
U, H, EOBREHO EEIIL A, B O Hall-Littlewood ZHA DR L TR I N, ZDFERIK v, (2) D
EIZIZME S 22 o 72, S EIOZEM & DX LIS IR,

(2) RIRERED TGO p-#ER k& £ D division quaternion D EDT)L I — MERDZEMIZ DWW T DOHFE.
PENZH WL SPELEL T, 2 OMEHIENC ER#ICisEL 7.

ZD%EM X, (n BFFIOH A D) IMEALTWAEIE D EO—HEERE G, = GL, (D) DT, ZHEfk
DOEREBUE, ER—EBOHEREE TEADIENT, Hall-Littlewood MHFRZIHZN (i ® MR 72 Macdonald X
MZIHR) OREIZ L > TRIB I T WS, T D quaternion TV I — MERADZEMIZOWTH, X, O
BREEEZATH Y A XK DN WA L OBRBIE & RELDRMEE THRT 5 LA TESLDT, KO
V= MERXRHRIE R 72 & L FRRIC, BREEZ REEOERBEBE LTEH6R5 I ENTES.

X FOUBIRIZRERBEE w(z; ) & X EOMHNAZE RN S Poisson A TRON, s e C" £ TR N
5 ¢, .., q OFHEBEKRTH L. HLU, ¢ & EKE ORRIKDOMILT, s;€C, 1 <i<n LIFOFE
WDI=DIZ, s & —IREBL BB 2 ZEAL, BRBIBD w(r;2) &RTILI2T 5. BBERTROE
THEZLONS

U(x;2) = w(@;2) - Gu(2) € Clg™™, .., ¢" 5 (= Ry), Gu(z)= [ (@) (x3)

1<i<j<n

Weyl BEZ n IRFREE S, T 2, DHRAFOERRE UTEALTWAEDT, R, IEMFE Laurent 2 HAIR T
H5.

BRBERUIZEMI D AV & 2 93 Ko\ X, (K = GLn(Op)) DRETDIETIRE 5. A1)V R 2 53f#E R.Jacobowitz
MPELTWT ([9), BE

A_{QEZn a12a22"'2an }
n =

if a; is odd, then #{j| 1 <j <n, aj = o;} is even




DIt a IZHIET 5 1@ e X, THRONDS. 4, MEBUEOFBEIZIE 2 x 2 @ hyperbolic LDITH|DE
A, BRI AR A5G T 5. BBERD (x3) DL S IB S THESNZDT, LHTOBRE
BDFRAE KD B HE ([3) BZOZEBIZEHHEHATET, ROFOWRXER[EZENTER

U(r%z)=c-cq Qal(z) (ERy), +oen (x4)

U, en 1 n W, co i a ZIHCEBREIT, Qulz) RHYE ¢ G1H+2) & 0135 L IS HA L 72
%. Hall-Littlewood B X JELLD, UL UERZ XA TOXNIRLERNRERS.

Schwartz Z2[#] S(K,\X,) 75 ¢* 726 OEHBBIERAND w(z; 2) AL 7258k 7 —V T ZHAHEL T
HHILIE, RUORMEBEER2ZRTLHILTHMD, (*3) 12k, EHMLUZEREE U(x; Z) % %%
LTBRHRT -V ZEWF 252N B F(S(K,\X,)) &R, CHEEND. T2 BT —V) Z&HITA~Y
B H(G, K) OVE & T, ~y 7 BIRERARIZ LD R, LAMTHE05, BT — 1) TEHE
F(S(K\X,)) 1 Ry DA FT N ER B,

BR7—VIEMFIX, YA X1, 20 ZER2FLRED, —RIIBHLEDS T TV LRI ETFHRIN
3. HAX3, ADEEITE, EEIZ F(S(K\X,)) O 2l 575 R,-NBEL LTOAERLE SR, 8] %
RUT, S(K,\X,) © H(G,, K,)-IEEE UTOEMITLE G5 A, BREBD parameterization  TE7z. £
FRICDFFEIZIE FEY 7 N Macaulay2 2VEISTH o 7208, BREDS XD RELY A X TIES £ HEREL
BOEITHD. — OV ADHEITE, FS(K,\X,)) O R,-HEEE LTo 2 HDERTE FEE LT
AT, ZOFPRDE LI, S(K\X,) Oy FERIEEE U TO 2 HD LK PEREIE D parametrization
LENPNS.

YA X2 DL EITE, EEMEE NNREROW LD, S(K\X2) ® Plancherel AR T & 7=,

DA EDFERIE Math arXiv (IZ¥ER U 72 ([5]).

<BIJHHk >

[1] W. Casselman: The unramified principal series of p-adic groups I, Compositio Math. 40(1980),
111-156.

[2] Y. Hironaka: Spherical functions and local rensities on hermitian forms, J. Math. Soc. Japan51(1999),
553 — 581.

[3] Y. Hironaka: Spherical functions on p-adic homogeneous spaces,
“Algebraic and Analytic Aspects of Zeta Functions and L-functions — Lectures at the French-
Japanese Winter School (Miura, 2008)— ", MSJ Memoirs 21(2010), 50 — 72.

[4] Y. Hironaka: Harmonic analysis on the space of p-adic unitary hermitian matrices, mainly for
dyadic case, Tokyo J. Math.40(2017), 517 — 564.

[5] Y. Hironaka: Spherical functions and local densities on the space of p-adic quaternion hermitian
matrices, Math arXiv: 2001.04636v2 (2020.1.)

[6] Y. Hironaka and Y. Komori: Spherical functions on the space of p-adic unitary hermitian matrices,
Int. J. Number Theory 10(2014). 513 — 558; Math arXiv:1207.6189

[7] Y. Hironaka and Y. Komori: Spherical functions on the space of p-adic unitary hermitian ma-
trices II, the case of odd size, Commentarii Math. Univ. Sancti Pauli 63(2014), 47 — 78; Math
arXiv:1403.3748

[8] Y. Hironaka and F. Sato: Spherical functions and local densities of alternating forms, American
Journal of Mathematics 110(1988), 473 — 512.

[9] R. Jacobowitz: Hermitian forms over local fields, Amer. J. Math.84(1962), 12 — 22.
[10] I. G. Macdonald: Symmetric Functions on a group of p-adic type, Univ. Madras, 1971.

[11] I. G. Macdonald: Orthogonal polynomials associated with root systems, Séminaire Lothanringien
de Combinatoire 45(2000). Article B45a.

[12] F. I. Mautner: Spherical functions over p-adic fields, Amer. J. Math. 80(1958), 441 — 457.
[13] Y. Salellaridis: Spherical functions on spherical varieties, Amer. J. Math. 135(2013), 1290 — 1381.

[14] I. Satake: Theory of spherical functions on reductive algebraic groups over p-adic fields, Publ. Math.
LHE.S. 18(1963), 5 — 70.

[15] T. Tamagawa: On the (-functions of a division algebra, Ann. Math. 77(1963), 387 — 405.



12 5 0 3

2100
Spherical functions on the space of $p$-adic quaternion hermitian matrices 2019
121 -- 133
DOI
Yumiko Hironaka --
Spherical functions and local densities on the space of p-adic quaternion matrices 2020
math arXiv : 2001.04643v2 --
DOI
12
p quaternion hermitian forms 2019
78 -- 85
DOI
Yumiko Hironaka 40
Harmonic analysis on the space of $p$-adic unitary hermitian matrices, mainly for dyadic case 2017
Tokyo Journal of Mathematics 517 -- 564

DOl
10.3836/tjm/1502179240




Yasushi Komori 72

Finite Multiple Zeta Values, Multiple Zeta Functions and Multiple Bernoulli Polynomials, 2018

Kyushu J. Math. 333 - 342

DOl
10.2206/kyushujm.72.333

Takeyoshi Kogiso and Fumihiro Sato 72

Local functional equations attached to the polarizations of homaloidal polynomials, 2018

Kyushu Journal of Mathematics 307 -- 331
DOI

10.2206/kyushujm.72.307

10
Quaternion hermitian forms 2017
86 -- 94
DOI
2036
Harmonic analysis on the space of $p$-adic unitary hermitian matrices, including dyadic case 2017
45 -- 58

DOl




Yumiko Hironaka 45
Zeta functions of finite groups by enumerating subgroups 2017
Communications in Algebra 3365 -- 3376
DOI
10.1080/0092 7872.2016.1236929
Yasushi Komori and Hirofumi Tsumura 70
On Arakawa-Kaneko zeta-functions associated with GL_2(C) and their functional relations 2018
J. Math. Soc. Japan 170 -- 213
DOI
10.2969/jmsj/07017501
9
$p$ , 2016
105 -- 116
DOI
2055
Hopf mappings and automorphic forms on orthogonal groups 2017
45 -- 54

DOl




12 11 2

Yumiko Hironaka

Spherical functions and local densities on quaternion hermitian forms

Mannheim University Institue of Mathematics Seminar

2019

p quaternion hermitian forms

12

2019

Local

2018

$p$

2018




Finite Multiple Zeta Values, Multiple Zeta Functions and Multiple Bernoulli Polynomials Functions,

2018

Spherical functions on the space of p-adic quaternion hermitian forms

The 5th Kyoto Conference on automorphic forms

2018

Quaternion hermitian forms

10

2017

Spherical functions on the space of quaternion hermitian forms

2017




Spherical functions on the space of $p$-adic quaternion hermition forms

RIMS ( )

2018

Quaternion hermitian forms

2017

Spherical functions on certain $p$-adic homogeneous spaces

Symposium for South Asian Women in Mathematics

2017

$p$

2016




(Boecherer Siegfried)

Institute of Mathematics Professor

Institute of Mathematics

Professor
(Schulze-Pillot Rainer)
(Komori Yasushi)
(80343200) (32686)
(Sato Fumihiro)
(20120884) (32642)




